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. , ( 1
; $X,$ $Y,$ $Z$ 1, 2, 3 ).
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$Z$ , .




$N$ SIR $S$ ( 2 ) ;
$S’=b(N)-( \mu+\sum_{j=1}^{n}\epsilon_{j})S-\sum_{j=1}^{n}\frac{\beta_{j}I_{j}}{N}S+\sum_{j\approx 1}^{n}\phi_{j}I_{j}+\sum_{j=1}^{n}\gamma_{j}R_{j}$ ,
$I_{j}’= \frac{\beta_{j}I_{j}}{N}S-(\alpha_{j}+\phi_{j}+\lambda_{j})I_{j}$ ,
(1)
$R_{j}’=\lambda_{j}I_{j}-(\eta_{j}+\gamma_{j})R_{j}+\epsilon_{j}S$ $(j=1, \ldots,n)$ .
$2n+1$ : $S$ , Ij&f $j$





, $b(N)$ $[0, \infty$ ) $C^{1}$ , $t\geq 0$
$b(N(t))>0$ . , $\mu,$ $\alpha_{j},$ $\eta_{j}>0(j=1, \ldots, n)$
.
. , $\beta_{i}\neq\beta_{j}(i\neq i)$ ,
. $b(N)$ , bsup $b_{\inf}$
. $\mathcal{R}_{1}<\mathcal{R}_{2}<\ldots<\mathcal{R}_{n}$ . ,
$\mathcal{R}_{0}=\max\{\mathcal{R}_{1}, \mathcal{R}_{2}, \ldots, \mathcal{R}_{n}\}=\mathcal{R}_{n}$ . ([4],




$E_{0}=(S^{0},0, R_{1}^{0},0, R_{2}^{0}, \ldots,0, R_{n}^{0})$ ,
$E_{k}=(S_{k}^{+},0, R_{1k}^{+}, \ldots, I_{k}^{+}, R_{kk}^{+}, \ldots, 0, R_{nk}^{+})$ $\frac{S_{k}^{+}}{N_{k}^{+}}=\frac{1}{\mathcal{R}_{k}}$ $(k=1, \ldots,n)$ .
, $N_{k}^{+}=S_{k}^{+}+I_{k}^{+}+ \sum_{j=1}^{n}R_{jk}^{+}$ $\mathcal{R}_{k}=\beta_{k}/(\alpha_{k}+\phi_{k}+\lambda_{k})$ . ,
$\epsilon_{j}>0$ $R_{j}^{0}>0$ $R_{jk}^{+}>0$ , $\epsilon_{j}=0$ $R_{j}^{0}=0$ $R_{jk}^{+}=0$
$(i=1, \ldots, n)$ . $R_{kk}^{+}>0$ . $E_{0}$ , $\mathcal{R}_{k}<1$ $E_{k}$ $\mathbb{R}_{+}^{2n+1}$
. , $\mathcal{R}_{k}<1$ $11m_{tarrow\infty}I_{k}(t)=0$ ,
$k$ .
, (1) ( ) .
Lemma 3.1. $m$ $M$ ;
$m \leq\lim\inf N(t)tarrow\infty\leq\lim_{tarrow}\sup_{\infty}N(t)\leq M$ .




Definition 3.1. $k=1,$ $\ldots,$ $n$ , ;
$X_{k}=\{S\geq 0,$ $I_{1}\geq 0,$
$\ldots,$
$I_{k}\geq 0,$ $I_{k+1}=\ldots=I_{n}=0$ ,
$R_{1}\geq 0,$
$\ldots,$
$R_{n}\geq 0,$ $m\leq N\leq M$},
$Y_{k}=\{S\geq 0,$ $I_{1}\geq 0,$
$\ldots,$
$I_{k-1}\geq 0,$ $I_{k}>0,$ $I_{k+1}=\ldots=I_{n}=0$ ,
$R_{1}\geq 0,$
$\ldots,$
$R_{n}\geq 0,$ $m\leq N\leq M$ },
$Z_{k}=\{S\geq 0,$ $I_{1}\geq 0,$
$\ldots,$
$I_{k-1}\geq 0,$ $I_{k}=\ldots=I_{n}=0$ ,
$R_{1}\geq 0,$
$\ldots,$
$R_{n}\geq 0,$ $m\leq N\leq M$}.
, $Y_{0}=\{S\geq 0, I_{1}=\ldots=I_{n}=0, R_{1}\geq 0, \ldots, R_{n}\geq 0, m\leq N\leq M\}$ .
Remark 3.1. $Z_{k}= \bigcup_{l=0}^{k-1}Y_{l},$ $X_{k}= \bigcup_{l=0}^{k}Y_{l}h^{a}$ ) $E_{k}\in Y_{k}$ .
, $X_{k}\backslash Z_{k}=Y_{k}$ . , $X_{k}$ $Z_{k}$ $X_{k}$
. , $X_{k}$ $X_{k}\backslash Z_{k}$ , (1)
.




$R_{n}’$ =\mbox{\boldmath $\lambda$}nIn--(\eta n+\gamma n)l $+\epsilon_{n}S$ ,
$R_{j}’=-(\eta_{j}+\gamma_{j})R_{j}+\epsilon_{j}S$ $(j=1, \ldots,n-1)$ .
. , $\overline{R}_{n}=\beta_{n}/(\alpha_{n}+\phi_{n}+\lambda_{n}),\overline{E}_{0}=(\overline{S}^{0},0,\overline{R}_{n}^{0} ,\overline{R}_{1}^{0}, \ldots,\overline{R}_{n-1}^{0})$ ,
$\overline{E}_{n}=(\overline{S}_{n}^{+},\overline{I}_{n}^{+},\overline{R}_{nn}^{+},\overline{R}_{1n}^{+}, \ldots,\overline{R}_{n-1n}^{+}),\overline{Y}_{0}=\{S\geq 0, I_{n}=0, R_{n}\geq 0, R_{1}\geq 0, \ldots, R_{n-1}\geq 0\}$
$=\{S\geq 0, I_{n}>0, R_{n}\geq 0, R_{1}\geq 0, \ldots, R_{n-1}\geq 0\}$ . , $\epsilon_{j}>0$
$\overline{R}_{j}^{0}>0$ $>0$ , $\epsilon_{j}=0$ $\overline{R}_{j}^{0}=0$ $\overline{R}_{jn}^{+}=0$ $(j=1, \ldots, n)$ .
$\overline{R}_{nn}^{+}>0$ .




Theorem 3.1. Assumption 3.1 $E_{j}$ $Y_{j}(j=1, \ldots, n)$
LAS . $1<\mathcal{R}_{1}<\mathcal{R}_{2}<\ldots<$ , $E_{j}$
$Y_{j}(j=1, \ldots, n)$ GAS .
Proof. Assumption 3.1 , $E_{0}$ $Y_{0}$ GAS, $E_{1}$ $Y_{1}$
GAS . $j=1$ , Theorem 3.1 .
$j=1,$ $\ldots,$ $k-1(k\geq 2)$ , Theorem 3.1 .
$1<\mathcal{R}_{1}<\ldots<\mathcal{R}_{k-1}$ , $E_{j}$ $Y_{j}(j=1, \ldots, k-1)$ GAS
. $1<\mathcal{R}_{1}<\ldots<\mathcal{R}_{k}$ , $E_{j}$ $(j=1, \ldots, k)$
GAS . , $E_{k}$ $Y_{k}$
GAS .
[ 1 ] $I_{k}(0)>0$ $\lim\inf_{tarrow\infty}I_{k}(t)>c_{k}$
$c_{k}>0$ .
1 . , $P_{k}=I_{k}$ . $P_{k}$ : $X_{k}\backslash Z_{k}arrow \mathbb{R}_{+}(Y_{k}arrow \mathbb{R}_{+})$ $C^{1}$
$P_{k}(z_{k})=0$ $z_{k}\in Z_{k}$ . , $\psi_{k}$ $.X_{k}$
5
.$\psi_{k}=\{\begin{array}{ll}\psi_{k}(y_{k})=\frac{\dot{P}_{k}(y_{k})}{P_{k}(y_{k})}=\beta_{k}(\frac{S}{N}-\frac{1}{\mathcal{R}_{k}}) (^{\forall}y_{k}\in Y_{k})\psi_{k}(z_{k})=\lim_{y_{k}arrow z_{h}y},\inf_{Y_{k}k}\psi_{k}(y_{k}) (^{\forall}z_{k} Z_{k})\end{array}$
, ‘ “ . $\psi_{k}$
, $\psi_{k}$ $X_{k}$ . ([4], [5], [6]) ,
;
$\sup_{t\geq 0}\int_{0}^{t}\psi_{k}(\pi(z_{k}, s))ds>0$ $(^{\forall}z_{k}\in\Omega(Z_{k}))$ . (2)
, $\pi$ (1) , $\Omega(Z_{k})=\bigcup_{z_{k}\in Z_{k}}\Omega(z_{k})$ ( , $\Omega(z_{k})$ $z_{k}$
). , $y_{k}\in Y_{k}$
$\lim\inf_{tarrow\infty}I_{k}(t)>c_{k}$ $c_{k}$
.
, $Z_{k}= \bigcup_{l=0}^{k-1}Y_{l}$ $E_{l}$ GAS $\Omega(Z_{k})=$
$\{E_{0}, E_{1}, \ldots, E_{k-1}\}$ . $z_{k}=E_{0}$ , $\psi_{k}(z_{k})=\beta_{k}(1-1/\mathcal{R}_{k})>0$
. $z_{k}=E_{t}(l=1, \ldots, k-1)$ , $\psi_{k}(z_{k})=\beta_{k}(1/\mathcal{R}_{l}-1/\mathcal{R}_{k})>0$ .
, (2) .
[ 2] $\lim_{tarrow\infty}I_{l}(t)=0(l=1, \ldots, k-1)$ .
.
2 . ([7] ) ;
$\lim_{tarrow}\sup_{\infty}\frac{1}{t}\int_{0}^{t}\xi_{kl}(\pi(x_{k}, s))ds<0$ $(x_{k}\in X_{k}\backslash W_{kl})$ . (3)
, $\xi_{k\downarrow}(x_{k})$
$\dot{Q}_{k\downarrow}(\pi(x_{k},t))=\xi_{kt}(\pi(x_{k},t))Q_{k\downarrow}(\pi(x_{k},t))$
$x_{k}\in X_{k}$ . , $Q_{k\downarrow}:$ $X_{k}arrow \mathbb{R}_{+}$
$C^{1}$ $Q_{kl}(x_{k})=0$ $x_{k}\in W_{kl}$ .








, $X_{k}\backslash W_{kl}$ $\xi_{kl}(x_{k})$ . $I_{k}(0)>0(x_{k}\in X_{k}\backslash W_{kl})$














, (3) . , $Q_{kl}(x_{k})(x_{k}\in X_{k}\backslash W_{kl})$
, $W_{kt}(l=1, \ldots, k-1)$ . ,
$x_{k}\in X_{k}\backslash W_{kt}\subset Y_{k}$ $\lim\inf_{tarrow\infty}I_{k}(t)>c_{k}$ . , $\lim_{tarrow\infty}I_{l}(t)=0$
$(l=1, \ldots, k-1)$ .
$y_{k}\in Y_{k}$ , $\Omega(y_{k})$ $\Omega_{k}$ . ,
$\Omega_{k}$ ;
$\Omega_{k}=\{S\geq 0,$ $I_{1}=\ldots=I_{k-1}=0,$ $I_{k}>0,$ $I_{k+1}=\ldots=I_{n}=0$ ,
$R_{1}\geq 0,$
$\ldots,$
$R_{n}\geq 0,$ $m\leq N\leq M$ }.
7
Assumption 3.1 , , $\Omega(y_{k})$ $E_{k}$
. $E_{k}$ LAS ([7] ) , $E_{k}$










$\mathcal{R}_{0}=\mathcal{R}_{k}$ $k$ $N$ .
, $E_{k}$ GAS . 1
, $\mathcal{R}>1$ .
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